ADDITIONAL INDEX WORDS. apple rootstocks, apple cultivars, apple varieties, Malus ·domestica SUMMARY. Researchers have collected a considerable amount of data relating to apple (Malus ·domestica) cultivars and rootstocks over the past 30 years, but much of this information is not easily accessible. The long-term goal of our working group is to increase access to this information using online technology available through eXtension. In eXtension, researchers and extension personnel are developing a community of practice (CoP) to increase the quality and amount of online information for individuals interested in our work [referred to as a community of interest (CoI)]. For this project, our CoI is broadly defined as commercial apple producers, nursery professionals, county extension educators, Extension Master Gardeners, home gardeners, and consumers. Our CoP is developing diverse educational tools, with the goals of increasing productivity, profitability, and sustainability for commercial apple production. Additionally, we will provide other members of our CoI access to research-based, reliable information on the culture of apples. We chose to begin our focus on cultivars and rootstocks adapted to the eastern United States and will add other U.S. regions as our resources and interest in our project grows.
A pple producers throughout the United States, from large commercial growers to home gardeners with a few trees, have limited access to research-based information describing apple cultivars and rootstocks for their region. Most research information has been confined to scientific journals, mostly inaccessible to the public. Reliable information on the Internet can be hard to find because of the sheer volume of websites returned in a typical web search. For example, a search for ''apple rootstocks'' on the web search engine Google (Mountain View, CA) returns about 200,000 results. University and state extension services have worked hard to present reliable research-based rootstock and cultivar information, but most of their sites are static, dependent on an ever-smaller number of individuals with the knowledge base. Our project will add information to what is offered on university and state extension websites by providing easily accessible, scientific, unbiased, apple rootstock and cultivar information through a growing national resource, eXtension web portal (eXtension, 2012) .
In 2001, a decision was made at the national level to transform the way Cooperative Extension delivers information through technology. After a few years of developing the administrative structure for the system the eXtension prototype was introduced in 2005. In 2007, the full system was launched to provide access to the land-grant university system with rules of operation, governing committee, staff, and long-term implementation plan. Additionally, U.S. Department of Agriculture (USDA), National Institute for Food and Agriculture (NIFA) launched a national grant program entitled Specialty Crops Research Initiative providing grant funding, in part, to assist in developing our type of eXtension project. Our CoP was funded for a 3-year period beginning Fall 2010.
Some aspects of growing apples are applicable to any size operation in any region of the United States. However, two critical aspects of production vary greatly from region to region and contribute to the challenge of growing high quality fruitcultivar and rootstock. Over 2500 apple cultivars are grown in the United States (U.S. Apple Association, 2012). Each of these cultivars is best suited to a certain region, depending on multiple environmental conditions including climate, soil, and pest complex. Some cultivars, such as Gala and Empire, survive and produce fruit from the lower mountains of North Carolina to the Champlain Valley in Vermont (USDA hardiness zones 4b to 7a); other cultivars, such as McIntosh and Honeycrisp, survive in hardiness zone 3b, but produce poorer quality fruit in regions warmer than zone 6a; and long-season cultivars, such as Granny Smith and Pink Ladyä, may not mature properly when grown in regions colder than zone 7a (Crassweller, 2008; Marini, 1996) .
Rootstock survival and performance also vary with soil type and climate. For example, the dwarfing rootstock 'Budagovsky 9' (B.9) produces trees of similar size in Arkansas, British Columbia, Kentucky, and Illinois, whereas the trees on 'M.26' (M.26EMLA) were twice as large in Kentucky and Illinois as those in Arkansas and British Columbia (Autio et al., 2008) . Therefore, tree spacing recommendations for a given rootstock must be modified based on the region. The semidwarf rootstock 'M.7' (M.7) performs quite well with 'McIntosh' and 'Empire' in the northeastern United States, but when grafted to cultivars grown in the mid-Atlantic region, such as Stayman, Gala, and Granny Smith, the trees need a support structure such as a trellis or they fall over (Marini, 1996) .
Fruit losses to disease vary from region to region, so pest management programs must be modified, both for cultivars across regions and also for different cultivars within a region. Several apple breeding programs have introduced new cultivars that are resistant to several diseases. Since most of the breeding programs are in the northern United States, they are selecting for resistance to apple scab (Venturia inaequalis), powdery mildew (Podosphaera leucotricha), cedar-apple rust (Gymnosporangium juniperi-virginianae), and fire blight (Erwina amylovora). Unfortunately, none are selecting for resistance to summer rots such as black rot (Botryosphaeria obtusa), white rot (B. dothidea), and bitter rot (Glomerella cingulata), which can be severe in warmer, humid climates. In Virginia, the apple scab-resistant cultivars Freedom and Redfree were quite susceptible to bitter rot (Barden and Marini, 1998) . In West Virginia, there was no relationship between relative susceptibility to either quince rust (Gymnosporangium clavipes) or cedarapple rust and apple scab, but the apple scab-resistant cultivars Sundance, Enterprise, and selections from the Cornell University breeding program were among the most resistant to cedar-apple rust. This resistance is an important attribute for early season disease management in areas where cedar-apple rust reduces yield and fruit quality, and particularly so if the orchard is being managed to organic standards. 'Sundance' was also the least susceptible to quince rust. By contrast, the scab-resistant cultivars GoldRush, Pristine, Scarlet O'Hara, Princess, Crimson Crisp, and CQR10T17 were highly susceptible to cedar-apple rust and would require early season fungicide applications for rust management in high-inoculum areas in spite of their resistance to apple scab (Biggs et al., 2009a) .
Most of the dwarfing rootstocks are very susceptible to the bacterial disease fire blight and are not recommended in regions with a history of fire blight, such as Ohio, but the rootstock B.9 and the new GenevaÒ rootstocks appear much more tolerant to fire blight (Miller and Myers, 2006) . By selecting cultivar-rootstock combinations with known tolerance to pests in their region, growers will be able to produce quality apples with minimal pesticide use and increased profitability.
In the late 1800s and early 1900s, most land-grant universities had apple breeding programs to develop new cultivars well suited to their local conditions (Magness, 1937) . By the middle of the 20th century only a few breeding programs remained, but most universities continued to evaluate cultivars and rootstocks. In the 1960s, the first apple rootstock breeding program in the United States was established at Geneva, NY, to develop rootstocks for the northeastern United States (Cummins and Aldwinckle, 1974) . In 1998, the USDA formed a partnership with Cornell University and the program was expanded to include a national emphasis.
By the 1970s, a substantial volume of research information existed about cultivars and rootstocks from around the country, but many reports from these trials were contradictory because of differences in cultivar-rootstock combination, experimental design, tree management, and type of data collected. In the mid-1970s, the North Central Regional Project NC-140 (NC-140) was established to uniformly evaluate apple rootstocks throughout the United States. The project quickly grew to include cooperators from 23 states, five Canadian provinces, and one Mexican state [National Information Management and Support System (NIMSS), 2012a]. The project was further expanded to include other deciduous tree fruit species. Rootstocks obtained from breeding programs in Europe, Asia, Canada, and the United States were used to propagate trees at a single nursery, and uniform trials were established at many locations in an attempt to hold all variables constant except soil and climate. Because these trials rapidly exposed rootstocks to a wide range of conditions, the time to adequately test new rootstocks was reduced from more than 40 years to just 10 years. Results from 15 NC-140 apple rootstock trials have been summarized in more than 30 refereed journal articles, as well as numerous newsletters and presentations at grower meetings. Results from NC-140 trials now form the basis for all rootstock recommendations in North America, and information about the project and literature citations are available on the NC-140 website (NC-140 Regional Research Project, 2012).
In the 1980s, many new apple cultivars were released from breeding programs in North America, the southern hemisphere, and Europe. To quickly evaluate these new cultivars, a regional project, NE-183 (renamed NECC-1009) was developed and modeled after NC-140. Horticulturists, plant pathologists, and entomologists from 14 institutions in the United States and two in Canada established a uniform method for apple cultivar trials to determine their susceptibility to pests and adaptability to a wide range of growing conditions. This multidisciplinary team has also published results in scientific journals and presented cultivar information at meetings intended for commercial apple growers. Project details are available on the NIMSS website (NIMSS, 2012b) and on the project website (NE-183 Regional Research Project, 2006) . Results of other studies comparing the relative susceptibility of new cultivars to pathogens such as the rust diseases, powdery mildew, and apple scab have also been published in scientific journals (Biggs and Miller, 2005; Biggs et al., 2009a Biggs et al., , 2009b Biggs et al., , 2010a Biggs et al., , 2010b .
The NC-140 and NECC-1009 research groups have generated information archived in journal articles not readily available to most stakeholders.
There is a great need to make current and future information easily available to traditional audiences (commercial fruit growers and state extension specialists) and to under-served stakeholders, such as extension educators, and home gardeners.
For several years, NC-140 members have considered ways to make information more widely available to stakeholders beyond commercial apple growers. Both NC-140 (NC-140 Regional Research Project, 2012) and NECC-1009 (NE-183 Regional Research Project, 2006 have websites with a project summary, links to cooperators, annual meeting minutes, citations for refereed and non-refereed papers resulting from these projects, as well as descriptions of completed, current, and planned projects. Most tree fruit extension specialists have websites with information intended for commercial growers, but less information is available for other stakeholder groups. For example, NC-140 cooperators recently developed an online interactive Apple Tree Spacing Calculator, but it needs to be modified for different regions and for the home gardener .
We have formed an eXtension CoP to assemble this information in one place and make it available to a wide range of stakeholders in a practical, easy-to-use format. In addition, housing this research-based information at eXtension will help bring other experts to the CoP and expand the breadth of knowledge available to the CoI. Initially, the CoP will focus on information pertaining to the eastern United States (defined as longitude <95°W) since performance of rootstocks and cultivars are quite different in the western United States. To maximize efficiency at launching the CoP on eXtension, cooperators agreed to start with this region and limit content to rootstocks and cultivars. We expect that once rootstocks and cultivars are addressed, other apple production information will be worked into the CoP.
One might wonder why we need a CoP when we have search engines such as Google. Arguably, presently most Internet searches start with Google. We suspect that many orchardists looking for apple rootstock and cultivar information use Google. While Google connects users to a wide array of content-providers, the sheer number of results confounds many users who use ''apple'' as a search term [this problem is compounded by the existence of the computer company Apple Ò (Cupertino, CA)]. It is physically impossible to explore all of the search results returned by Google on apple cultivars and rootstocks. By having our CoP housed at eXtension our material will be search-engine optimized, increasing the chance our research-based information rises toward the top of a search.
The eApples CoP has begun to systematize regional apple rootstock and cultivar descriptions and recommendations and, as a team, have begun discussions on types of educational products to create interest and expand the knowledge of our CoI. Several commercial apple growers and nurserymen have agreed to serve as an advisory group. As products are developed, the advisory committee will evaluate the content and provide suggestions for improvement.
Our CoI is diverse, ranging from highly proficient and educated professional apple growers to backyard enthusiasts. Broadly defined, our CoI will include anyone interested in apple production, including commercial apple producers, county extension educators, nursery professionals, Extension Master Gardeners, home gardeners, and consumers. Apple rootstock and cultivar information must be tailored to their needs. We need to understand and address our CoI adequately and produce content suitable for all audiences. We have begun to survey members of our CoI to provide input concerning the types of the educational materials that are desired and the most appropriate media for information delivery.
While the apple-producing CoI members are our initial target audience, these resources will not be restricted to them alone. The advantage of eXtension is that this information will be available and potentially valuable to everyone, including consumers who are interested in which apples are recommended for their local area, who want to understand how apples are grown and why certain apples may or may not be available in certain areas or at particular times of the year. In time, once the initial cultivar and rootstock content is developed, the CoP will be able to address more specific consumer needs such as choosing the right apple for a particular use, understanding the nutritional benefits of apples, and so on. In the meantime, all visitors to eXtension will have the ''Ask an Expert'' tool to connect with CoP members, who will be available to answer questions on content not yet found on the eApples site.
A wide array of technology is now available through eXtension to connect our defined CoI with information. The website contains brief articles linking people to additional resources, frequently asked questions, and Ask an Expert tool. As our website continues to develop, we will include videos, web-conferencing, and online selfpaced units on specific topics to enhance educational opportunities. A Facebook (Menlo Park, CA) page has been created as the project continues to communicate and draw individuals into the CoP and engage our CoI.
This group of researchers and extension personnel are excited to bring the resources we have developed to a broader audience. Working cooperatively with USDA-NIFA, eXtension, state experiment stations, and extension services will allow more research-based information to truly be extended to stakeholders.
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